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. .  . .  RESEARCH MEWRANDM 

An inveetigatign of the spin and recovery characteristics of 
a 1 "scale nodel of the B e l l  X 4  amlane has been conducted i n  the  

Iangley 20-foot f're-pinning tunnel. The effects of control   aet tbga 
upon the erect- and inverted-spin and recovery characteristics of the 
model were determined f o r  the m d e l  at  the deeign gross"yei&ht l a d i n ?  
condititm. The effects of v8rying the ladine; ,  the stabWLzer 
incidence, and of exbending the Leading-edge and trafling-e wing . . - 

f l a p s  were also determined. 

30 

 he resdta"of  the m d e l  tests  indicated that, for the 1oadLIy"- 
possible, the airplane w o u l d  not spin in an erect att i tude.  It WE 
indicated, however, that Inverted s p d  might be obtainable fran which 
recovery might be dif f  i ou l t  unless the st ick   i a  moved lateraUy fn the 
direction oppoeing that in which the p i l o t  is turning. 

INTRODUCTION 

An investigation has been conducted in the Iangley 2090ot free- 
spinning tunnel ta determine the win and recoveqy characteristics of 
8 - "scale model of the B e l l  X 4  airplane. The atrplane is a single- 
place,  rocketcpropelled,  supersonic research atrplane. 

1 
30 

'The erect- and inverted-spin and recovery ch~~rac te r i s t i c s  of the 
model -re determined a t  the design pose-might l ad ing .  The effects 
of varying the loading, the  stabilfzer incidenoe, and of extending the 
leading-age and trailiq-adge win@; flags -re a U o  determined. 
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SYMBOLS 

. T J i n g  area, square feet 

mean aerodynamic chord., inches 

r a t i o  of dietance of center of gravity rearward of 
l eading  edge of mean aerodyoamic chord t o  mean 
aeralymmic chord 

r a t i o  of distance. between center of gravity and fue laxe  
reference line t o  mean aerodymmfc chord (positive 
when center of gravity is below fwelage reference 
-1 

mcanente of inertia about X P, and 2 bcdy axee, 
respectively, slug-feet 6 

inerfAa pitchingament parameter 

air density, slugs per cubic fpot  

angle between span axis and harizm-1, degrees 

-cab 'true rate of descent, feet per second 

full-ecale anguAr velocity about spin axis, revolutions 
per eecond 

. .  

. 
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Model 

. 

The 1"scale m d d e l  of. the X42 airplane was built by the 

Bell Aircraft  Corpmtion, and was checked f o r  dimemianal accuracy 
and preparbd for   tes t ing at  the Langley laboratory. A thre+view 
drawin?; of the m a e l  is shown h figure 1 and a photograph of the 
model i s  preeented in figure 2. Dimensi-1 characteristics of the 
airplane represented  by"the model are  given in table I. The values 
i n  table I for  unshielded rudder volume coefficient, tail-daqing ratio,  
and tail-aamping power factor were ccmputed by the method of reference I; 
the  value of the s i d m e a  &tent factor was c q u t e d  by the method of 
reference 2. 
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Most of the t e s t a  were conducted with the m o d e l  ballasted  with 
lead weight8 t o  obtafn dynamic a m i t y  to-  the atqlane at an alt i tude 
of l5,OOO feet  ( p  = 0.001496 slUg/c~ f t ) .  A f e w  t e s t s  were a l so  con- 
ducted w i t h  the m d e l  bal-laetd t o  repreeant the a'lrplane at an  alt i tude 
of 35,000 feet  ( p  = 0.00~36pElug/cu f t ) .  The WeQht, moments of 
inertia, and, cerite-f-gravity lmat ion of the airplane were obtained 
f r a m  data furnished by the Bell A i r o r a f t  Corporation. A remote-control 
mechanfsm was installed i n  the m o d e l  to actuate  the rudder for recovery 
attempts.  'Sufficient hinge mament was applied t o  the rudder during  the 
recovery tests t o  move it ful ly and rapidIy to   t he  desired poeition. 

The t e s t s  were performed fn the Langley 2CLfoo-b free-eginning 
tunnel, the  qperation of which is genera- similar t o  that described 
in  reference 3 for t-b_Lan@;ley 1 5 f o o t  f r e ~ p i n n i n g  tunnal, except 
that models a r e  now launched by.&% with sprzlllrslg rotation into the 
vertically  r iaing air stream, rather than being launched by spindle. 
The airspeed is adjusted until the drag of the m o d e l  balances the weight 
and normlly, after a n&er of turme in the eatabllehed spin, recovery 
i s  attempted by moving qne or  more controls by meam of a remote"contro1 
mechanism. Af'ter recovery, the m o d e l  dives- into a eafety net. The 
m o d e l  is retrieved,  the  controls reset, and the model is then ready f o r  
the IlBXt S p a .  

The spin data presented  herein were obtained and converted t o  
correspond- nzll-scab- F l u e s  by method6 described in  reference 3 .  
L he turn6 for recovery- wereAm&sui?ed *Can the time the  controls were 
mmed t o  the time the s p i n  rotation ceased and the m o d e l  dived into the 
net. For recovery a t t e q t s  in which the moilel- strizck the Bafety net 



while it ~ 8 6  s t i l l  in  a spin, the recove- was recorded  a8  greater  than 
the Iumiber of turns f'rm the tW the  control6 were  moved t o  the time 
the model struck the net, ae 3. A --turn recovery, however, does not 
necessarily  indicate  an improvement over a sturn recovery. For 
recovery attempts in which the m o d e l  did not  recover i n  less than 
10 turns, the recovery was recorded a8 m. When the model ,  a f t e r  bein: 
launched with forced. rotation into a spin, stopped r o t a t i n g  without 
movament of controh,  the  result  was recorded as a "n-spid' condition. 

In  accordance with standard f ' r e e - ~ p i n n i n g - t ~ l  t e s t  procedure, 
tests were made t o  determine the spin and recovery characteristics of 
the model at the normal spinniw-control  .configuration  (elevator 
full up, ailerane  neutral, and rudder fill with the  -spin) and at 
various  other a ibro-bvator   ccntrol   cmibGtims tncl~dine; zero a d  
maxfnnm settings of the surfaces far various-model  configurations. 
When spins were obtained, recovery was generally attempted by rapid 
full rudder reversal. As is  custamarg, t e s t s  were a l so  performed t o  
evaluate the possible adverse effects on recovery of EJJELU deviations 
f r c a n  the normal cantrol  configuration f o r  spinning. For these  tests, 
the e l e v a t o r  position corresponded t o  s t ick  t w - t h i r d s  of f u l l  back 
for erec-pin t e s t s  and tmhirda of full forward for fnverted spins, 
and the ailerons were se t  at  -third of full deflection in the 
direction conducive t o  slower recoveries. Recovery was attempted by 
rap id ly  reversing  the rudder f r o a n  full with t o  only tw-thirds against 
the spin. This  particular  control  configuration and manipulation is 
referred t o  as the "criterion spin." Recovery characteristi& of the 
model are  considered satisfactory if recovery f r c l m  this criterion  spin 
requires 2r turns or less; this value has been sebc ted  on the basis of 
fiu-scale-airplane  sp"recovery d a t a  that are available for cnmparison 
with correspandfng model . test   results.  

4 3r 

The model test results presented herein are  believed t o  be the 
true values given by the model within the  following limfte: 

05, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
g, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
V, percent t5 
& percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
T u r n s  for recovery: 

mean motimpicture  records . . . . . . . . . . . . . . . . . . . .  + 
c -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Because of t he  impracticabflity'of ballasting the m o d e l  exactly 

and became of inadvertent damage t o  the mcdel during spin tests, the 
measured night.-and dietributian of the m&e& varied samewhat 
frcan the true scalebdawn values. The following table shows the m e  
of weight and nrass4istrlbution  variatiane measured for the model: 

Weight, percant . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Centez+of-@Tavitg location,  percent F . . . . . . . . . . . . . . .  21 
Maments of inertia, percent . . . . . . . . . . . . . . . . . . . .  *t-5 

The controls -re set with an accuracy of *lo. 

The characteriatics and iner t ia  parameters for loadings 
possible OD. the Bell X42 airplane apd f o r  the loadings tested on the 
model are l i s ted  in  table II- 

The normal maximum control  deflections, measured in the plane 
perpendicular t o  the hinge line, were : 

Rudder, degrees . . . . . . . . . . . . . . . . . . .  30 left, 30 right 
Elevator, degrees . . . . . . . . . . . . . . . . . .  15 Up, 15 d m  
Ailerons, degreeem . . . . . . . . . . . . . . . . . .  17 up, 17 down 
Leadm-dge flaps, depeee . . . . . . . . . . . . . . . . . .  15 d m  . . . . . . . . . . . . . . . .  45 down Trai l ing-dge  flaps, degrees 

- 

The intermediate control  deflections used. in these t e s t s  were: 

Rudder  t w b t h i r d s  deflected, degrees . . . . . . . . . . . . . . .  20 
Elevator t-thfrde up, d e p e s  . . . . .  : . . . . . . . . . . . .  10 
Ailerons One-rthird deflected, degrees . . . . . . . . . .  

. 
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fraan i t a  n o l ~ l a ~  OO incidence t o  a value OP h a d i n g  edge up 70 and t o  
leaaing edge d m  loo. For other loading conditione, the stabi l izer  
incidence was maintained a t  oO.  or inverted spins, the m d e l  
8tabillZer incidence wa8 s e t  at the l e a d i n g e d g w  setting. A few 
brief tests were ale0 made with the rudder set at  4.0° with the spin, 
10' more than is  normal for the airplane. For the  entire  inveati- 
gation, the landing gear ~ 8 1 3  retracted and the cockpit m a  closed. 

Erect-Spin  Characteristice 

Desim ~ o a s w e i g h t  load- contiition.- Erect spins could not be 
obtained with the model for  any control setting pOSSibh on the 
a3.rplans for any of the three stabilizer incidences. The mation of the 
model, a f t e r  the initial hunching ratation WE expended and- the model 
etarbed t o  leave the enforced spinning attitude, generally appeared t o  
be 8 function of the aileron position. When the  ailerone were held 
against the spin, the model usually became &remely oscillatory in  
r o l l  and yaw, scanetimse roll ing uverted and sapnetimes go- into a 
dive. when the aihrOn.8 We= Set neutral OT with the Spin, the 
oscillations of the made1 were alight and the model dived out of the 
initialJy imparted. spianing m g t i a n .  

" . 

Brlef tes te  were cmducted with the stabilizer incidence varied 
*can its normal OO setting to edge 100 down and leading 
edge 70 up. With the stabi l izer  Incidence set a t  leading edge 
10 d m ,  the spin characteristics of the model were similar t o  those 
obtained with the stabilizer set at  Oo inoidence. When the stabilizer 
incidence W e  set at leading edge up, the model sti l l  did not spin 
in an  erect attitude; however, there w a ~  a tendency t o  spin inverted 
and, in one case when the ailer- were neutral and the elevators down 
(s t ick forward), the model actually went i n t o  an inverted spin after the 

a init ial  erect launohing rataticm was e4ended. 
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I a n d u w e i & t  lcadiw cadi t ian.-  The apin chamcteristice of the 
model  in  the lanaing-welght load- conditicm (wedght of the model 
decreased and moanents of inertia changed scaaewhat f r o m  the design 
gross-weight- loading - see table  II) were aimilar t o  the s p i n  charm- 
t e r i s t i ce  of the model  in the design grosf+weight laing condition. 

Center-of-@Tavitg movement and masa var i s t im. -  In an endeavor t o  
determine whether the nonqinning tendencies of the model were 
c r i t i ca l ly  dependent cm loading or w h e t h e r  the model loading f e l l  w e l l  
within a range that would pranote nonspfnning tendenciee, t e s t s  were 
conducted alternately with the center of gravfty moved forward 

increased .&long the Rrselage and retract% along the 

x ld), a k  weight increased. along the wings 

table II for campbte mass characteristics of the  three loadinge.) 
The spin characteristics of the m d e l  f o r  each of these three loadings 
were similar t o  the results obtained for the design &rosa-weight 
loading  condition In that erect spine still were not obtained. These 
result5 are considered t o  be an indicatian that the reeiatance of the 
model t o  spin  erect wae not cr i t ica l ly  dependent on changes in loading 
that might normally be made on the corresponding airplane. 

Increase in t e s t  altitude.- When the equivalent tes t   a l t i tude  of 
ther model was increased fran 15,OOO feet t o  35,000 feet  f o r  the design 
gross-weight loading condition, the model et= would not spin in an 
erect  attitude. The moder scanetimes went into an inverted spin a f t e r  
the   in i t fa l  launching rotatian was expended, however, when the  ailerons 
w e r e  se t  in the  direction of the  apin  rotation. 

Effect of leading-edge and trailing-edge f lapa .- Because of 
indicatians that the B e l l  X* amlane might -be released f r a n  a 
"mother shlp" at a desired al t i tude Kith t r a i l i n g e e  and Leadingddge 
f laps  deflected, brief t e s t s  were conducted. a t  the design -om-weight 
loadinz, OO stabiUzer setting, at an equivabnt  test  d t i t a e  of 
35,000 feet  with both se t s  of f l q s  exlxmded in ccmibimticm, and with 
the  t-iling-edge fa95  exbnded alone. T h e  epin characteristics of the 
model for both conditicma mre the 88288 a6 had been obtained previously 
with the flaps retracted i n  that erect apins still. were not obtained. 
Tests were also made with the leading-dge flap alone deflected 
(dedgn  grosweight  lading at an equivalent teat   a l t i tude of 15,CW f t ,  
OO stabil izer  sett ing) and st i l l  M i c a t e a  no aptns. 
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Inverted-Spin  CharacterSstics 

Because the model for   the design grosB"weight loading  condition 
had gone into an inverted  spin  after being launched erect when the 
stabilizer incidence .me se t  at  leading edge 7 O  up, a l l  inverted epins 
were tested with this stabi l izer  incidence at  this loading  condftion. 
The equivalent a l t i tude   for   the   t es t s  was 15,000 feet .  The inverted- 
spin and recoverr  characteristics obtained are shown i n  chart 1. The 
angle of wing tilt in the chart is given as up or down re l a t ive   t o  
the grarnd. 

Inverted spina were obtained when the  ailerons were set neutral  or 
s e t  in the same direction  as  the s p i n  rotation, that is, controls 
"together" (stick right when rotation was to   the   p i lo t*e  right) .  The 
sp ins  obtained were f la t  (a ranged *am 6to t o  73O) and recmeries 
f'rm these  spins by reversal of the rudder alone were usually maatis 
factory.  Inverted  spins could not be obtained when the   cantrob were 
"crossed" (stick left, right rudder pedal forward fo r  ro t a t ion  t o  
p i l o t ' s  r ight) .  .It t.hw amears that if an  inverted  spin 1s imdvert- 
ently obtained, rapid l a t e ra l  movement  of the st ick in the direction 
opposite t o  that in which the airplane is rotating, and reversal of the 
rudder KUI terminate the 6p-q rotxition.. For emmple, in  the case 
of an inverted win with ro ta t ion   to  the pi lo t re  right, the stick should 
be moved l a t e ra l ly   t o   t he  left, and the left rudder pedal should be moved 
forward for termination of the spin. Upon ccmpletfon of recovery, the 
rudder and ailerons ehould be neutmlized fn order t o  eliminate any 
poasibility of entering a apin in the opposite  direction. 

Supplementary Tests 

Ef'fect of increased rudder deflection-- In  order t o  determine w h a t  
factors other than l a d i n g  might lead t o  erect  spina for the mcde l ,  
brief t e s t s  were made with t- rudder deflection increaeed to 40° trim 
the s p i n  BO a B  t o  obtain addi t ional  p r w p i n  moment. It was observed 
that a very oscillatory spin could saanetfmes be obtained with both the 
ailerons and elevator  neutral. This t e s t  was conducted for  the ladine; 
wherein weight was edended along the win@ and retracted  along the  
fuselage - (See table II. 1 rt xas f e l t  that recovery f r a p n  this spin by 
rudder revereal would be rapid. 

Effect of dimensional  modifications.- The nompiming  tendencies 
of t he  model in an erect  attitude, it was f e l t ,  might be attrifjutable 
t o   t h e  high value of s i d m e a  mameRt factar  in conjunction with the 
rather heavy Concentration of weight along the fuselage of the design. 
(See reference 2.) ventral  and domal  ffns were added t o  the model t o  
reduce the sids-area mament factor, and tests were a lso  made with the 
nom length decreased- T h e s e  m o d i f i c a t i o n s  had no appreciable  effect 
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on the  characteristics, and erect spins e t i U  were not obtained with the 
model .  It thus appears that the ccmibinations of loadings and 
dimensional configurations  tested during the present  investigation 
were not  aondwive of obtainimg erect spine. T h e  fac t  that inverted 
spfns were obtainable msy be due t o  a difference in wing effects when 
the model -B erect, and when it inverted. 

Based on results of a spin investigation of a --scale 1 model 
30 of the B ~ U  x 4  airplane, the following conclueions  regarding the 

sp in  and recovery characteristias of the airp- at altitudes 
f ran  15,000 fee t  t o  35,000 feet are  made: 

1. The airplane will not apin  in an erect  at t i tude f o r  any control 
sett ing,   stabil izer Incidence, or  loading likely 011 the airplane. 

2. Inver ted spins mag be obtained with the airplane for  acme 
cmtrol  sett ings,  f r a m  which recovery mag be diff icul t  unless the st ick 
i a  moved laterally in the  direction  opposite t o  that in which the pilot 
is rotating. In an i.nvex"bed spin with ro ta t ion   to  the pi lo t ' s  right, 
for elcample, the st ick should be moved laterally t o   t h e  lee, and the 
left rudder pedal should be moved f omard. The tendency t o  apin 
inverted w i l l  increase as the lIpstabi l izer  incidence (relative t o  the 
pilirt), the  weight of the airph~ne, or the altitude is increased. 

Langley Aeronautical Laboratory 
National Advisory Camnittee for Aeronautics 

langley A i r  Force Base, Va. 

Aeronautical Research Scientist 

C h i k  of Stabi l i ty  Research Division 
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TABLE I.- 3¶JZC&Cm D m S I O X A X  CHARACZD3ISTICS OF THE BELL X 4  

- -  - .. _" " . " - .. " 

AS REPRESEEJTED BY TEE L-SCAIE MODEL 
"" " 

- 30 

Fuselage leng;th, ft; . . . . . . . . . . . . . . . . . . . . .  . . . . . .  
Win@;: 

Span, .............................. 3 .28  

Section . . . . .  C i r c u l a r  arc 10 percent (ma- thick 50 percent 
k e a ,  e q f t  . . . . . . . . . . . . . . . . . . . . . . .  2a.40 

chord normal t o  wing reference line) 

37-83 

Root ohord incidence, deg . . . . . . . . . . . . . . . .  
T i p  chord  incidence, deg . . . . . . . . . . . . . . . . .  
Aspect r a t i o .  . . . . . . . . . . . . . . . . . . . . . .  
Sweepback (at quarte-hord lfne), deg - . . . . . 
Dihedral (in root chord plane), deg 
Mean aercQpm%c chord length, in. . . . . . . . . . . . .  
Leading edge of mean a e r w c  chord rearwar& of leading 

. .  . . . . . . . . . . .  
edge of wing a t  amlane center IAm, in. . . . . . . .  

A i l e r o n s :  
Chord (rearward of hinge line), percent of wfng chord . . 
Span, percent of win@; semispan . . . . . . . . . . . . . .  Area (rearward of hinge line) , percent of wing area . . .  

.. . .  

Horizbntal tail surf'aces : 
T a t a l ~ a ,  ~ ~ f t  rn rn 0 - 0 . .  

Elevator area, sq ft . . . . . . . . . . . . . . . . . . .  
Distance fran center of gravity t o  ebvator hinge lim at 

p m  Of SpLU8tq for n-1 de8fgIl gros-ight 
loading, ft . . . . . . . . . . . . . . . . . . . . . .  

Vertical f;ail  surface^: 
Totalarea,  sq ft . . . . . . . . . . . . . . .  -... . . .  
Rudder area, sq ft . . . . . . . . . . . . . . . . . . . . . .  
Distance f r c n n  center of gravity t o  rbddei. hinge lfne at 

base f o r  n-1 desig~ gross-weight loading, ft . . . .  
&Melded rudder volume coefficient . . . . . . . . . . . .  
T a i l r d a m p i n g  r a t i o  . . . . . . . . . . . . . . . . . . . . .  

3 
3 

4.0& 

20 .p 
8 -29 
50.36 

43 70 
8 -40 

13 -93 

13 -88 

0 -00334 I #e3 

TaiLdmupfng power fac t% . . . . . . . . . . . . . . . . .  220 x 
Side-area maanent factor . . . . . . . . . . . . . . . . . . .  0.828 

. 
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CKART 1.- IWYERTED SPIN AND RZCOVEBY CtLARACTEEIRISPICS OF THg S C A W  HODEL CF TH6 

@&LL X-2 AIRPLANE: 7' LPADIKC+aX)$-UP STABILIZEt SEXTIKG 

rmslgn ~ o a s  w i g h t  l o a ~ n g :  recovery  attempted from, and ateady-spln data  preasntsd for, t e s t a  
vlth the rudder mlth t?a ratation t o  the pilot's rlght; recovery by full rapld rudder reversal  
unless otherwfae l u d l c a t s q  

2.- I 9 
._ . - 

2.- I 9 
._ . - 

. -  - 

%to aondltionr possible. 
bRacavery attempted by reversing the rudder 

rmu full w l t h  to 2/3 agalnst  the spln. Pode l  values converted t o  

El No spln 

I I Turna f o r  
r e c o v e r y  



Figure 1.- ~ e s v i ~ e y  drawfng of the - - scale m o d e l  of the Bell X+ 
airplane as tested in the Lmgley 20-foot free-spimhg tunnel. 

30 
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Subject 

A i r p l a n e s  - Specific Tnes 

&es and Gyroscopic Probleme 
Safety 
Pi lo t ing  Techniqpes 

S P W  

Number 

1.7.1.2 
1.8.3 
1.8.6 

7-1 
7.7 

An investigation of the epin and reaovery  characteristic^ of 
a 1 "scale Bmdel of the B e l l  X42 airplane bas been conducted in the 

Langley 20-foot free-spinning tunnel. The effects of control settlngs 
upon the erect- and inverted-epin and recovery characteristics of the 
m c d e l  were detemnined for  the model at the design gross-welght loading 
condition. The effect8 of varying the leading, the s t a b i l i z e r  
Incidence, and of. extending the leading-dge and traill-ge w i n g  
flaps were a l s o  detemlned. 

30 
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